Although the K,,, value of UDP-glucuronate for the decarboxylation was 240 micromolar, the affinity of UDP-glucuronate for xyloglucan formation (31 micromolar) was similar to that of UDP-xylose (28 micromolar), suggesting a high turnover of UDP-xylose. The biosynthesis of UDP-xylose from UDP-glucuronate probably occurs in Golgi membranes, where xyloglucan subsequently forms from UDP-xylose and UDP-glucose.
Although the K,,, value of UDP-glucuronate for the decarboxylation was 240 micromolar, the affinity of UDP-glucuronate for xyloglucan formation (31 micromolar) was similar to that of UDP-xylose (28 micromolar), suggesting a high turnover of UDP-xylose. The biosynthesis of UDP-xylose from UDP-glucuronate probably occurs in Golgi membranes, where xyloglucan subsequently forms from UDP-xylose and UDP-glucose.
Sugar nucleotides are known to function as substrates for the biosynthesis of polysaccharides in higher plants. Among UDPsugars, UDP-xylose has been found only in trace amounts in the cellular pool (9, 15, 25) . Nevertheless, the primary cell walls of dicot plants contain a considerable amount of xylose in xyloglucan (28) . A mechanism must therefore be envisioned which supplies a sufficient amount of UDP-xylose to the biosynthetic system of xyloglucan.
In a previous paper (13) , we demonstrated that a particulate enzyme system from soybean cells catalyzes the transfer of the xylosyl residue from UDP-xylose and of the glucosyl residue from UDP-glucose to xyloglucan. Xyloglucan synthesized in vitro in the absence of GDP-fucose (5) is composed of heptasaccharides (glucose/xylose, 4:3) and pentasaccharides (glucose/xylose, 3:2), and the elongation of the chain proceeds through the transformation of pentasaccharide into heptasaccharide (16) . The incorporation of xylose into the polysaccharide was enhanced by the presence of UDP-glucose, presumably because the addition of xylose and glucose residues to the polysaccharide is concurrent (14) . In suspension-cultured soybean cells, the concentration of UDP-xylose (2.5 gM) is far lower than that of UDP-glucose (103 gM) (15) . In order to achieve efficient elongation of their xyloglucan chains, it is possible that plant cells may possess a precise compartmentation of the UDP-xylose biosynthetic pathway which is such that the cellular pool of this sugar nucleotide is consid-I Current address: Ajinomoto Central Research Laboratories, 1-1 Suzuki-cho, Kawasaki 210, Japan. 2Emeritus professor; current address: Iwaki-Meisei University, Iwaki, Fukushima 970, Japan. erably higher at site of polysaccharide synthesis.
Golgi membranes are known to contain xyloglucan glucosyltransferase (14, 23) , and xylosyltransferase activities (4, 14, 23) . When GDP-fucose is provided to the microsomes, the last step in the completion of the xyloglucan structure is the synthesis of the nonasaccharide subunit by galactosylation and fucosylation, and this reaction occurs in dictyosomes before transport of the polysaccharide to the cell wall by secretory vesicles (4) . It is therefore expected that UDP-xylose is either efficiently transported to the dictyosomes or that the biosynthesis of this sugar nucleotide occurs as part of the xyloglucan synthase system in the membranes.
UDP-xylose is derived from UDP-glucose by the action of UDP-glucose dehydrogenase (EC 1.1. NADH-Cyt c reductase activity was determined by the procedure of Lord (19) , latent IDPase activity by the procedure of Green (10), and Cyt c oxidase activity by the method of Moore and Proudlove (21) .
Assay for UDP-Glucose Dehydrogenase. UDP-glucose dehydrogenase activities were determined by the procedure of Strominger and Mapson (27) . The reaction mixture contained 100 mM glycine/NaOH (pH 8.7), 1 mm NAD, and soybean enzyme in a total volume of 0.5 ml. The reaction was started by the addition of 1 mm UDP-glucose, and the increase in absorbance at 340 nm due to NADH production was followed in a Hitachi doublebeam spectrophotometer (model 200-10) fitted with the appropriate blank. Incubation was carried out at 25°C in a 0.5 ml, 1 cm light path cuvette. One unit of enzyme activity was defined as the amount of enzyme required to give an increase in optical density of 0.001/min under standard conditions.
Assay for UDP-Glucuronate Carboxy-Lyase. UDP-glucuronate carboxy-lyase activities were measured by the procedure of John et al. (17) . The incubation mixture contained 1 mm UDP-[14C]glucuronate (9.8 x 105 cpm/,umol), 1 ml NAD, 100 mM Hepes/KOH (pH 7.0), and soybean membranes in a total volume of 0.1 ml. The incubation was carried out for 20 min at 25°C. Into each assay tube was placed a smaller tube containing 0.2 ml of a mixture of ethanolamine and 2-methoxyethanol, 1:2 (v/v), and the larger tube was stoppered with a serum stopper with rubber septum. The reaction was terminated by introducing 0.2 ml of 2 M HCl with a needle through the stopper into the reaction mixture. The reaction mixtures were kept at 250C for an additional 2 h. Trapped 14CO2 in the ethanolamine/2-methoxyethanol tube was then determined in a liquid scintillation counter using a scintillator fluid containing 5.5 g/L of 2,5-diphenyloxazole in 2-methoxyethanol/toluene, 1:2 (v/v). Enzyme assays were found to be proportional to the protein concentration employed. One unit of enzyme activity corresponds to 1 pmol of C02/min under standard conditions. Assay for Xyloglucan Formation from UDP-Xylose. Xyloglucan 6-a-D-xylosyltransferase activity was determined as described previously (13 Table I , the activity of xyloglucan xyosyltransferase was associated entirely with the 100,000g sediment of soybean extracts. The UDP-glucose dehydrogenase activity was observed only in the supernatants. This distribution is similar to that reported in peas (27) , suggesting that plant UDP-glucose dehydrogenase is a soluble enzyme. Most of the UDP-glucuronate carboxy-lyase activity was soluble (70% of total activity), but when membranes were prepared by homogenation with sand or with liquid nitrogen, the UDP-glucuronate carboxy-lyase activity in the 100,000g sediment became equal to that of the supernatant. This suggests that the enhanced activity is due to an increased exposure of membrane-associated enzymes to the substrate.
To confirm the association of UDP-glucuronate carboxy-lyase with the particulate fraction, soybean extracts were subjected to isopycnic centrifugation and membranes were fractionated on a linear sucrose gradient (23 (Fig. 1) . The of Van der Woude et al. (29) in order to separate plasma membranes from Golgi membranes. The homogenate (0.3 ml) was layered onto a discontinuous sucrose gradient consisting of the following sucrose solutions: 2.1 ml of 0.8 M, and 3.5 ml each of 1.0, 1.2, 1.4, and 1.5 M, and was centrifuged for 90 min at 100,000g. The results indicated that xyloglucan synthase and UDPglucuronate carboxy-lyase activities were located in the same fraction as glucan synthase I activity (0.8/1.0 M sucrose interface), although glucan synthase II activity was observed in the 1.2/1.4 M sucrose interface.
Some Properties of Membrane-Associated UDP-Glucuronate Carboxy-Lyase. The activity of membrane-associated UDP-glucuronate carboxy-lyase was linear with time for at least 30 min. The enzyme had an optimum pH range from 6.0 to 7.5 and its apparent K,,, value, determined according to Lineweaver and Burk plots, was approximately 240 AM. By opposition, the K,,, value for the soluble enzyme was about 700 AM, indicating a higher affinity of the membrane-associated enzyme for UDPglucuronate.
It has been reported that plant and animal UDP-glucuronate carboxy-lyases are allosterically inhibited by UDP-xylose (17, 18) . Likewise, in our system, UDP-xylose inhibited the membrane-associated UDP-glucuronate carboxy-lyase. Such feedback inhibition probably functions to control levels of UDPxylose in soybean cells. When rates of the reaction in the presence of UDP-xylose (50 or 100 /.LM) were plotted against substrate concentration, the activity plots were sigmoidal, and 100 AM UDP-xylose inhibited approximately 60% of the enzyme activity. When Golgi membranes were incubated with digitonin (0.5 C/c), the activity of UDP-glucuronate carboxy-lyase doubled (Table  II) . These results suggest that the stimulatory effect (22) of the detergent could be due to an increased accessibility of the substrate to the UDP-glucuronate carboxy-lyase site on the inner surface of the Golgi membrane. However, in the same detergent conditions, some inhibitory effect of xyloglucan synthase activity was observed. Since xyloglucan synthesis requires at least two enzyme activities, i.e. that of xyloglucan 4-f3-glucosyltransferase and of 6-a-xylosyltransferase (13), it may be possible that detergents either break the multienzyme cooperation or diffuse primers and substrates. Finally, digitonin produced a complete solubilization of the membrane-associated UDP-glucuronate carboxy-lyase activity from soybean Golgi membrane preparations. However, xyloglucan synthase activity could not be extracted with detergents such as Triton, digitonin, cholate, and Zwitter- (26) , and that the UDP-glucuronate translocated is decarboxylated to UDP-xylose at the vesicle membranes.
Xyloglucan Synthesis from UDP-['4C]Glucuronate. Xyloglucan was directly synthesized from UDP-[14C]glucuronate in soybean Golgi membrane vesicles. Radioactive polysaccharides formed in the vesicles were digested with A. oryzae enzymes. and radioactive isoprimeverose (6-0-a-D-xylopyranosyl-D-glucose) was identified by paper chromatography (12) (Fig. 2) . The presence of radioactivity from UDP-[14C]xylose in this disaccharide indicates that xyloglucan has been synthesized via UDP-xylose from UDP-glucuronate. Pentasaccharide (glucose/xylose, 3:2) and heptasaccharide (glucose/xylose, 4:3) units were also obtained from the digest of the polysaccharides with T. viride endoglucanase (data not shown). The formation of relative amounts of the two oligosaccharide units could be controlled by the ratio of UDP-glucuronate to UDP-glucose (16).
The apparent K,,, value of UDP-glucuronate in the presence of 2 mM UDP-glucose was 31 ,luM, similar to that of UDP-xylose (28 /AtM) (13 
